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The present study aimed to evaluate the effect of the combination of various natural fertilisers on growth and seed yield of 
the soybean plants. Field experimentations were carried out during two cropping seasons (2018 and 2019). A randomized 
complete block experimental design with 11 treatments (F1: 30 g of poultry litter, F2: 60 g of poultry litter, MP: 10 g of 
mycorrhizae + 10 g of vivianite powder, MF1: 10 g of mycorrhizae + 30 g of poultry litter, MF2: 10 g of mycorrhizae + 60 g 
of poultry litter, PF1: 10 g of vivianite powder + 30 g of poultry litter, PF2: 10 g of vivianite powder + 60 g of poultry litter, 
MPF1: 10 g of mycorhizae + 10 g of vivianite powder + 30 g of poultry litter, MPF2: 10 g of mycorrhizae + 10 g of vivianite 
powder + 60 g of poultry litter, T+: chemical fertiliser, T‒: unfertilised plants) and three replications were used. The growth 
parameters and seed yield were evaluated. The results showed that the growth and seed yield of soybean varied depending 
on the fertiliser and the cropping season. Plants that have received the MPF2 treatment exhibited significantly (p ˂ 0.05) 
the highest values of the studied parameters (plants height, foliar production, plants dry biomass, seed yield). The MPF2 
treatment increased the seed yield of soybean by 20.08% and 184.76% compared to T+ and T‒ treatments, respectively. The 
supply of the following combination, 10 g of mycorrhizae + 10 g of vivianite powder + 60 g of poultry litter was found to be 
very promising in improving the soybean plant growth and therefore, can be used as an alternative to replacing the mineral 
fertilisers usually employed for the cultivation of this crop. 

© 2020 Authors. This is an open access article licensed under the Creative Commons Attribution-NonComercial-NoDerivs License  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

In Northern Cameroon, cereals are considered as 
the basic foods for human and some animals. Al-
though they provide important calories, they remain 
deficient in protein (Tien et al. 2002). Legumes con-
stitute an excellent supplement in protein for a diet 
rich in cereal because they can provide between 18 
and 38% of proteins (Watier 1982). For soybean 
in particular, up to 45% of the protein content has 

been reported (Roux 2002). Despite its high protein 
content, soybean production is challenged by many 
difficulties such as low soil fertility, insect pests, 
and the diseases. Synthetic chemicals are commonly 
used to control these constraints (Megueni et al. 
2006). However, the extensive use of pesticides is 
a threat to environmental pollution and food contam-
ination. Another risk related to the use of chemical 
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compounds is that plants can become resistant to 
these compounds and therefore, their application 
will no longer be effective. Although chemical fer-
tilisers present immediate beneficial effect on crop 
productivity by providing an immediate solution to 
the declining soil fertility problem, their high cost 
and unavailability make them almost inaccessible 
to many farmers (Megueni et al. 2011). To avoid 
this situation, it becomes necessary to seek alterna-
tive fertilisers. In this respect, we have previously 
studied the effects of various doses of mycorrhizae 
and vivianite powder on soybean productivity in 
Ngaoundere (Cameroon) and the results indicated 
that these compounds can improve the growth and 
seed yield of soybean (Kamdem 2017). 

The mycorrhizae are symbiotic associations 
between mycorrhizal fungi and plant roots. This 
biofertiliser produced by mycorrhizae improves 
plant production by promoting plants hydromin- 
eral nutrition (Sheng et al. 2008). Protective ef-
fects of mycorrhizae against pathogens, pests, 
and parasitic plants have also been described for 
many plant species, including agriculturally im-
portant crop varieties (Jung et al. 2012). Vivianite 
is an iron oxide and phosphate. Its chemical for-
mula is Fe2(PO4)28H2O. The benefic effects of viv-
ianite powder in enhancing crop growth have been 
demonstrated (Yaya et al. 2015; Megueni et al. 
2017). Phosphorus is one of the macronutrients 
essential for plant growth and development. It is 
the second most important microelement after ni-
trogen (Vassilev & Vassileva 2003). The poultry 
litter is a mixture of the substrate, usually wood 
chips, with bird droppings, feathers, and leftover 
food. Due to its composition in nutrient elements 
and availability at low cost in our area of study 
(Ngaoundere-Cameroon), it can be used by farmers 
for crop fertilisation. 

Before conducting this study, we hypothesized 
that the combination of mycorrhizae-vivianite 
powder-poultry litter could improve soil fertility as 
well as providing a protective role to crops against 
pests and thus, to enhance soybean production. 
The main objective of this study was to enhance 
soybean production through improved soil fertility 
by using natural fertiliser like mycorrhizal fungi, 
vivianite powder, and poultry litter. 

MATERIAL AND METHODS

Study site
The study was conducted during two cropping 

seasons (2018 and 2019) in the experimental field 
of the University of Ngaoundere (Cameroon) lo-
cated on its main campus. The area belongs to the 
agro-ecological zone II of Cameroon and is char-
acterized by a Sudano-Guinean savannah with five 
months dry season (November to March) and seven 
months rainy season (April to October). The aver-
age annual temperature and total annual precipita-
tions are 25.75°C, and 1,898.6 mm (Derogoh et al. 
2018), respectively. The followings are the geo-
graphical parameters of the field: 03°38'805'' lati-
tude, 08°20'806'' longitude and 1,106.0 m elevation 
(altitude). The vegetation of the area is an herba-
ceous savannah dominated by Imperata cylindrica, 
Pennisetum purpureum, Annona senegalensis, and 
Piliostigma thonningii. 

Chemical properties of the soil from the field of 
study 

The chemical properties of the soil include the 
pH as well as N, P, Ca, and Mg contents (Table 1). 
To evaluate the chemical properties of the growing 
soil, its pH was measured using a pH meter (Model 
ORION 230A – Range-2 – 19.99 ± 0.01, USA). The 
total nitrogen content was determined after mineral-
ization of the soil samples according to the method 
of Kjeldahl (AFNOR 1984) and the dosage was car-
ried out according to the calorimetric technique of 
Devani et al. (1989). The total phosphorus content 
was assessed following the methods described by 
Rodier (1978). Assessment of calcium and magne-
sium were carried out by titration with Ethylene Di-
amine TetraAcetic (AFNOR 1986).

N and P were the main components of the 
cropped soil. The pH of the soil where the study 
was conducted was acidic and this conformed with 
some previous founding documented in the litera-
ture (Olina et al. 2008; Mbonigaba et al. 2009). In-
deed, Olina et al. (2008) revealed that the average 
soil pH in Far North Cameroon was acidic (6) and 
Mbonigaba et al. (2009) reported that acidity is one 
of the characteristics of tropical soils. In addition, 
Abakar et al. (2019) studied the response of two cot-
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ton varieties on mycorrhizal inoculation in Souda-
no-Sahelian savannah of Cameroon and found that 
soils from Kodek and Mouda localities were acid. 
The acidity of the soil is caused by many factors 
including the deficiencies in N, P, K, Ca, Mg, and 
Mo. Acidity reduces the fixation of biological nitro-
gen and acid soils are susceptible to erosion (Nanda 
& Adriano 2014). Giller and Dashiell (2007) found 
that the optimum pH for soybean growth ranged 
between 5.5 ‒ 7.5 and therefore soybeans would be 
very sensitive to low pH (pH < 5.5), thus suggesting 
that soil from our study site was not favorable for 
soybean production. The data of the soil chemical 
properties obtained in the current study are instruc-

tive for improving the soil fertility to optimize the 
growth and development of soybean.

Material
Soybean seeds

Soybean seeds (average 5 mm length and 5 mm 
maximum diameter) variety SJ235 was bought on 
the local market of Ngaoundere-Cameroon. This 
variety was chosen for its early germination, great 
adaptability to the rainy season, and has a short re-
production cycle (105 ‒ 110 days). Using the variety 
that has a short reproduction cycle is advantageous 
for the farmers as it can favor multiple cropping per 
year provided that there is a possibility for off-season 
crops (Tchuenteu et al. 2018).

T  a  b  l  e   1

Chemical properties of soil from experimental site

pH Ntot (g/100 g) Ptot (g/100 g) Ca (g/100 g) Mg (g/100 g)

4.3 ± 0.01 4.23 ± 0.59 0.41 ± 0.02 0.49 ± 0.00 0.10 ± 0.02

1A: Mycorrhizal inoculum 1B: Vivianite powder

1C: Poultry litter 1D: Chemical fertiliser
Figure 1. Fertilisers
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Fertilisers 
The fertilisers used in the trials were inoculum of 

mycorrhizal fungi, rock powder, poultry litter, and 
a chemical fertiliser (NPK: 12-24-12) (Figure 2).

The mycorrhizal biofertilisers used in this work 
were supplied by the Laboratory of Soil and Micro-
biology of the Biotechnology Center of the Univer-
sity of Yaounde I (Cameroon) (Figure 1A). Selected 
isolates were multiplied by sorghum and peanut 
plants (host plants) and tested on maize and sorghum 
(Nwaga et al. 2007). It contains infective spores and 
propagules of three genus Glomus, Scutellospora, 
and Gigaspora species with a concentration of ap-
proximately 20 spores/g of substrate. 

The mineral fertilisers were the rock powders 
obtained from vivianite (Figure 1B). The rocks were 
sampled from the Hangloa Basin located at about 
25 km in the Northwest of the city of Ngaoundere. 
These rocks are characterized by a flattened ellip-
soid form with their diameters ranging from 20 cm 
to more than one meter. The chemical analyses of 
the powder derived from these rocks were conducted 
earlier by Yaya et al. (2015) and gives the following 
composition: Fe2O3 (68.72%), P2O5 (9.17%), Al2O3 
(7.72%), and SiO2 (9.67%). Thus, the total phospho-
rus was estimated at about 671.50 mg/kg while the 
assimilated phosphorus was around 81.13 mg/kg. 
Studies carried out by Yaya et al. (2015) indicated 
that phosphate contained in this mineral can be sol-
ubilized. 

Poultry litter (Figure 1C) from a henhouse locat-
ed near the campus of the University of Ngaoundere 
was collected from 8 to 9 am daily according to its 
availability and then stored in 50 kg bag before been 
transported to the experimental area using a rick-
shaw.

Chemical fertiliser (Figure 1D) was bought on 
the local market in Ngaoundere. The main nutrients 
of the fertiliser are Nitrogen (N), phosphorus (P), 
and potassium (K). It is referred to as NPK (12-24-
12) chemical fertiliser, meaning that it contained 
12% N, 24% P2O5, and 12% K2O).

Methods
Evaluation of the responses of soybean to mycorrhi-
zal fungi, rock powder, and poultry litter

Land preparation and experimental design. 
Field experimentation was carried out during two 

cropping seasons 2018 and 2019. The experimental 
site measured 102.6 m2 area (13.5 m × 7.6 m). The 
experimental field was ploughed at 50 cm depth and 
the elementary plots of 2.2 m2 area (2.2 m × 1 m) 
were formed. 33 experimental units were formed. 
A randomized complete block experimental design 
with 11 treatments (F1: 30 g of poultry litter, F2: 60 g 
of poultry litter, MP: 10 g of mycorrhizae + 10 g of 
vivianite powder, MF1: 10 g of mycorrhizae + 10 g 
of poultry litter, MF2: 10 g of mycorrhizae + 60 g of 
poultry litter, PF1: 10 g of vivianite powder + 30 g 
poultry litter, PF2: 10 g of vivianite powder + 60 g of 
poultry litter, MPF1: 10 g of mycorrhizae + 10 g of 
vivianite powder + 30 g of poultry litter, MPF2: 10 
g of mycorrhizae + 10 g of vivianite powder + 60 g 
of poultry litter, T+: chemical fertiliser, T‒: unferti-
lised plants) and three replications were used. The 
space between two consecutive plants in an experi-
mental unit was 20 cm. There were 40 soybean plants 
per experimental unit (about 250,000 plants/ha). 
Seeds were sown at 3 cm depth and 2 soybean seeds 
were sown per hole, and thus 80 seeds per experi-
mental unit. 

Sampling, data collection, and statistical analysis 
During the vegetative phase, 30 plants were ran-

domly selected and plant height and the number of 
leaves per plant were measured and counted, respec-
tively. This was done at a regular interval of 14 days 
starting from the 14th day after sowing. The dry bio-
mass of soybean plants was evaluated at flowering 
on 10 plants located around the center of each plot. 
At maturity, seed yield was assessed. 

For the assessment of the dry biomass of soy-
bean, plants were first removed from the soil with 
their rhizosphere and then the roots were washed. 
The clean plants (with soil-free roots) were wrapped 
in newspaper and then dried in an oven at 105°C. 
During the drying process and starting from the first 
24 hours, plants were regularly weighed until con-
stant weights were obtained. The dry matter noted 
MS (g/100 g) is expressed as follows:

MS = (M2 − M0)  × 100

where: M0 = mass in grams of empty the capsule; 
M1 = mass in grams of capsule containing the test 
sample before drying; M2 = mass in grams of the 

(M1 − M0)
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capsule containing the test sample after drying and 
cooling. 10 plants were sampled. 

Soybean seed yield was assessed at maturity on 
a sample of 30 plants using this formula: 

R (t/ha) = Q × 250,000 

where: R = seed yield estimated in t/ha; Q = aver-
age seed weight per plant and 250,000 = number of 
plants per hectare.

All the data were statistically analyzed using the 
Stagraphic plus Program version 5.0. The signifi-
cance of differences was determined using Duncan 
test.

RESULTS AND DISCUSSION

Effects of the fertilisers on the growth parameters 
of soybean

The growth parameters of soybean plants were 
assessed at 70 days after sowing. The analysis of 

variance (ANOVA) revealed that the evaluated pa-
rameters (plant height, number of leaves per plant, 
dry biomass of plant) varied significantly (p ˂ 0.05) 
depending on the fertiliser used. Soybean plants 
treated with the mixture of 10 g of mycorrhizae + 
10 g of vivianite powder + 60 g of poultry litter 
exhibited significantly the greatest growth parame-
ters. There is no significant difference between the 
cropping season within a year relative to the studied 
growth parameters such as plant height and foliar 
production. However, the year of experimentation 
affected significantly (p ˂  0.05) the soybean dry bio-
mass. 

Plants height
The average plant heights were 116.66 ± 13.76 cm 

and 111.76 ± 10.13 cm for the 2018 and 2019 crop-
ping seasons, respectively. Unfertilised plants (T‒) 
exhibited the lowest average value (90.32 ± 9.16 cm). 
Among the natural fertilisers used, the combination 
of 10 g of mycorrhizae + 10 g of vivianite powder 

T  a  b  l  e   2

Average plant height depending on the fertiliser used and the cropping season

Fertilisers
Plant height [cm]

2018 cropping season 2019 cropping season Mean ± SD

T−   82.65 ± 7.21   98.00 ± 10.021   90.32 ± 9.16a

T+ 125.70 ± 9.22 132.40 ± 9.32 129.05 ± 10.25c

F1 100.70 ± 9.02   99.67 ± 8.33 100.18 ± 8.201b

F2 115.33 ± 9.04 114.99 ± 9.09 115.16 ± 10.31bc

MP 115.66 ± 9.01 113.67 ± 9.02 114.66 ± 9.22bc

PF1 114.77 ± 8.90 117.29 ± 8.02 116.03 ± 6.87c

PF2 130.33 ± 9.01 111.00 ± 7.021 120.66 ± 7.89c

MF1 124.67 ± 9.02   97.33 ± 8.26 111.00 ± 7.35bc

MF2 130.33 ± 7.24 115.59 ± 7.21 122.96 ± 8.42c

MPF1 114.67 ± 8.25 109.71 ± 6.89 112.19 ± 9.61bc

MPF2 128.65 ± 9.02 121.33 ± 10.01 124.99 ± 6.22bc

Mean ± SD 116.66 ± 13.76a 111.76 ± 10.13a 113.27 ± 9.021
SD ‒ Standard deviation; F1 ‒ 30 g of poultry litter; F2 ‒ 60 g of poultry litter; MP ‒ the combination 10 g of mycorrhizae 
+ 10 g of vivianite powder; MF1 ‒ the combination 10 g of mycorrhizae + 10 g of poultry litter; MF2 ‒ the combination 
10 g of mycorrhizae + 60 g of poultry litter; PF1 ‒ 10 g of vivianite powder + 30 g poultry litter; PF2 ‒ 10 g of vivianite 
powder + 60 g of poultry litter; MPF1 ‒ 10 g of mycorrhizae + 10 g of vivianite powder + 30 g of poultry litter; MPF2 ‒ 10 g 
of mycorrhizae + 10 g of vivianite powder + 60 g of poultry litter; T+ ‒ chemical fertiliser; T‒ unfertilised plants. Values 
of columns affected by the same letter are not significantly different.
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+ 60 g of poultry litter (MPF2) exhibited the high-
est average plant height (124.99 ± 6.22 cm). The 
mean height of the plants treated by chemical fer-
tiliser (T+) was 129.05 ± 10.25 cm. There was no 
significant difference between MPF2 and T+ when 
comparing the plant height of the two treatments. 
The combination of poultry litter with mycorrhizae 
or vivianite powder increases the plant height than 
the employment of poultry litter alone. MPF2 plants 
were 1.39 fold taller than T‒ plants (Table 2).

Number of leaves per plant
The average numbers of leaves per plant were 

117.21 ± 11.677 and 118.00 ± 11.677 for the 2018 
and 2019 growing seasons, respectively (Figure 2). 
The numbers of leaves per plant for the single treat-
ment F1 and F2 (30 g and 60 g of poultry litter) as 
the bio-fertiliser poultry on one hand and the fol-
lowing combinations: MP = 10 g of mycorrhizae + 
10 g of vivianite powder, MF1 = 10 g of mycorrhi-
zae + 30 g of poultry litter, MF2 = 10 g of mycorrhi-
zae + 60 g of poultry litter, PF1 = 10 g of vivianite 
powder + 30 g poultry litter, PF2 = 10 g of vivia-
nite powder + 60 g of poultry litter, MPF1 = 10 g 
of mycorhizae + 10 g of vivianite powder + 30 g of 
poultry litter, MPF2 = 10 g of mycorrhizae + 10 g of 
vivianite powder + 60 g of poultry litter on the other 
hand were 98.83 ± 9.04, 117.33 ± 9.86, 116.00 ± 9.83, 

124.99 ± 10.68, 120.16 ± 8.87, 117.00 ± 11.12, 
123.83 ± 8.58, 119.00 ± 7.68, 127.50 ± 8.22, respec-
tively. The average leaves per plant obtained for the 
treatment using the chemical fertiliser (T+) and for 
the unfertilised plants (T‒) were 145.16 ± 9.83 and 
84.16 ± 8.33, respectively. Among the treatments 
using the natural fertilisers, plants under MPF2 
treatment exhibited the greatest foliar production 
and the average number of leaves per plant for the 
same treatment (MPF2) was 1.51 fold greater than 
the one obtained for the control plot (T‒) where 
none of the fertiliser was added. 

Dry biomass of the soybean plants 
The results of the dry biomass are presented 

in Figure 3. The average biomass for 2018 and 
2019 cropping years were 41.66 ± 7.06 g/plant and 
61.66 ± 7.07 g/plant, respectively. The following 
means: 53.00 ± 8.10, 53.09 ± 7.86, 49.33 ± 1.23, 
45.11 ± 6.02, 44.08 ± 7.40, 59.66 ± 8.78, 53.33 ± 7.49, 
47.66 ± 6.84, 71.69 ± 8.32, 61.00 ± 7.06, and 
30.66 ± 8.22 g/plant were the biomass of the plants 
from the plots treated with 30 g of poultry litter (F1), 
60 g of poultry litter (F2), the combination of 10 g 
of mycorrhizae + 10 g of vivianite powder (MP), 
the combination of 10 g of mycorrhizae + 30 g of 
poultry litter (MF1), the combination of 10 g of my-
corrhizae + 60 g of poultry litter (MF2), 10 g of vi-

Figure 2. Dry biomass of soybean plants depending on fertiliser and cropping season 

F1 ‒ 30 g of poultry litter; F2 ‒ 60 g of poultry litter; MP ‒ the combination of 10 g of mycorrhizae + 10 g of vivianite pow-
der; MF1 ‒ the combination of 10 g of mycorrhizae + 10 g of poultry litter; MF2 ‒ the combination of 10 g of mycorrhizae 
+ 60 g of poultry litter; PF1 ‒10 g of vivianite powder + 30 g poultry litter; PF2 ‒ 10 g of vivianite powder + 60 g of poultry 
litter; MPF1 ‒ 10 g of mycorrhizae + 10 g of vivianite powder + 30 g of poultry litter; MPF2 ‒ 10 g of mycorrhizae + 10 g of 
vivianite powder + 60 g of poultry litter; T+ ‒ chemical fertiliser, T‒ unfertilised plants.



Agriculture (Poľnohospodárstvo), 66, 2020 (3): 108 − 117

114

vianite powder + 30 g poultry litter (PF1), 10 g of 
vivianite poder + 60 g of poultry litter (PF2), 10 g 
of mycorhizae + 10 g of vivianite powder + 30 g of 
poultry litter (MPF1), 10 g of mycorrhizae + 10 g 
of vivianite powder + 60 g of poultry litter (MPF2), 
chemical fertiliser (T+) and unfertilised plants (T‒), 
respectively. Plants that have received the MPF2 
treatment exhibited the greatest biomass and it was 
about 1.16 fold higher than the biomass of the soy-
bean plants derived from the T+ treatment.

Seed yield
The seeds yielded by the soybean plants varied 

significantly (p ˂ 0.05) depending on the fertiliser 
and the cropping year. Unfertilised plants exhibited 
significantly (p ˂ 0.05) the lowest value (1.05 ± 0.40 
t/ha) of this production parameter. However, the 
soybean plants treated with 10 g of mycorrhizae 
+ 10 g of vivianite powder + 60 g of poultry litter 
(MPF2) exhibited the highest seed yield (2.99 ± 0.49 
t/ha) (Table 3). The combination of poultry litter 
with mycorrhizae or vivianite powder better en-
creases the seed yield than the poultry litter with-
out any combination. MPF2 treatment enhanced the 
seed yield about 20.08% and 184.76% compared to 
NPK chemical fertiliser and unfertilised plant, res-

pectively. The soybean seed yield for the 2018 crop-
ping season was higher (2.09 ± 0.63 t/ha) than that of 
the 2019 cropping year (1.81 ± 0.51 t/ha). 

In this study, it was observed that all the parame- 
ters taken into consideration responded positively 
when the plots were fertilised as compared to the 
data from the control plot (unfertilised one). This 
means that the low nutrient available in the growing 
soil was improved by the different treatments either 
mineral or organic and as the results the agronomic 
traits considered were improved accordingly. 

Previously, several reports (Ngo et al. 2014; 
Megueni et al. 2017; Tchuenteu et al. 2018) have 
found that the organic fertiliser improves productiv-
ity, the organic fertilisers contribute to maintaining 
soil fertility and thus the sustainability of agricul-
tural production. These natural fertilisers are rich 
in mineral elements needed for plant growth. The 
beneficial effect of the organic fertiliser on soy-
bean growth and seed yield would be related to the 
combined effect of improved soil properties and the 
availability of mineral nutrients. Also, some studies 
have shown that the local resources such as organic 
waste applied to poor tropical and acidic soil can 
provide the nutrients needed for plant growth (Mu-
laji 2011). The poultry litter used was rich in min-

Figure 3. Number of leaves per plant depending on the fertiliser and the year of experimentation

F1 ‒ 30 g of poultry litter; F2 ‒ 60 g of poultry litter; MP ‒ the combination of 10 g of mycorrhizae + 10 g of vivianite pow-
der; MF1 ‒ the combination of 10 g of mycorrhizae + 10 g of poultry litter; MF2 ‒ the combination of 10 g of mycorrhizae + 
60 g of poultry litter; PF1 ‒ 10 g of vivianite powder + 30 g poultry litter; PF2 ‒ 10 g of vivianite powder + 60 g of poultry 
litter; MPF1 ‒ 10 g of mycorrhizae + 10 g of vivianite powder + 30 g of poultry litter; MPF2 ‒ 10 g of mycorrhizae + 10 g 
of vivianite powder + 60 g of poultry litter; T+ ‒ chemical fertiliser; T‒ unfertilised plants. Values of bands of each fertiliser 
affected by the same letter are not significantly different.
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eral elements needed for plant growth. It improves 
the physical characteristics of the soil (Vilmar et al. 
2012) as well as its biological composition. Besides, 
Vilmar et al. (2012) studied the growth of soybean 
plants fertilised with poultry litter and revealed that 
the poultry litter provides the nitrogen that favors 
the accumulation of chlorophyll. Indeed, the pho-
tosyntic phenomenon requires chlorophyll, and 
therefore a higher chlorophyll content suggests the 
intensification of the photosyntic activities which 
results in the increase of plant productivity. Also, 
this would justify the beneficial effects of poultry 
litter on growth and seed yield of soybean observed 
in this study. 

The beneficial effect of mycorrhizae on the 
growth and seed yield of soybean observed in this 
work was not surprising. Indeed, the positive effects 
of mycorrhizae on plants productivity have been 
demonstrated. Mycorrhizae are symbiotic associa- 
tions between mycorrhizal fungi and plant roots. 
Mycorrhizae promote the hydromineral absorption 
of plants and thus improve plant growth and devel-

opment (Megueni et al. 2011; Tchuenteu 2014; To-
bolbai et al. 2018; Abakar et al. 2019). 

The chemical analysis of vivianite powder used 
in this study was done by Yaya et al. (2015) and gave 
the following composition: Fe2O3 (68.72%), P2O5 
(9.17%), Al2O3 (7.72%) and SiO2 (9.67%). Thus, in 
levels of phosphorus, it contains about 671.50 mg/kg 
non assimilated and 81.13 mg/kg assimilated phos-
phorus. The mineral elements contained in this rock 
powder would have improved the soil fertility and 
thus the productivity of soybean.

It was observed in the current study that the 
combination of poultry litter with mycorrhizae or 
vivianite powder better increases the growth and 
seed yield of soybean than poultry litter without 
any combination. One of the actions of mycorrhi-
zae would be related to the solubilization of phos-
phate which would be more readily for uptake by 
the plants due to the elimination of acid phosphatase 
in the rhizosphere. It is possible that mycorrhizae 
by hydrolyzing phosphorylated mineral compound, 
allow plants to directly absorb the phosphorus that 

T  a  b  l  e   3

Soybean seed yield [t/ha] depending on the fertiliser and the cropping season

Fertilisers
Soybean seed yield [t/ha]

2018 cropping season 2019 cropping season Mean±SD

T‒ 1.06 ± 0.41 1.04 ± 0.39 1.05 ± 0.40a

T+ 2.66 ± 0.38 2.33 ± 0.37 2.49 ± 0.37e

F1 1.33 ± 0.40 1.30 ± 0.38  1.31 ± 0.39ab

F2 1.66 ± 0.37 1.33 ± 0.42   1.49 ± 0.39abc

MP 2.66 ± 0.42 2.33 ± 0.38   2.49 ± 0.40abc

PF1 2.00 ± 0.39 1.66 ± 0.41    1.83 ± 0.40abcd

PF2 2.00 ± 0.40 1.67 ± 0.39    1.83 ± 0.39abcd

MF1 2.29 ± 0.39 2.00 ± 0.41    2.14 ± 0.40bcde

MF2 2.66 ± 0.42 2.33 ± 0.43  2.49 ± 0.42de

MPF1 2.33 ± 0.39 2.30 ± 0.45   2.31 ± 0.42cde

MPF2 3.32 ± 0.54 2.66 ± 0.44  2.99 ± 0.49de

Mean ± SD  2.09 ± 0.63a  1.81 ± 0.51a 1.95 ± 0.42a

SD ‒ Standard deviation; F1 ‒ 30 g of poultry litter; F2 ‒ 60 g of poultry litter; MP ‒ the combination of 10 g of mycorrhizae 
+ 10 g of vivianite powder; MF1 ‒ the combination of 10 g of mycorrhizae + 10 g of poultry litter; MF2 ‒ the combination 
of 10 g of mycorrhizae + 60 g of poultry litter; PF1 ‒ 10 g of vivianite powder + 30 g poultry litter; PF2 ‒ 10 g of vivianite 
powder + 60 g of poultry litter; MPF1 ‒ 10 g of mycorrhizae + 10 g of vivianite powder + 30 g of poultry litter; MPF2 ‒ 10 g 
of mycorrhizae + 10 g of vivianite powder + 60 g of poultry litter, T+ ‒ chemical fertiliser, T‒ unfertilised plants. Values 
of band columns affected by the same letter are not significantly different.
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was not accessible to them (Dalpé 2003). Inocula-
tion of mycorrhizal fungi with vivianite powder and 
poultry litter would results in improving significant-
ly the nitrogen and phosphorus uptake by the plant 
than when these fertilisers were used alone. Among 
the different combinations, 10 g of mycorrhizae + 
10 g of vivianite powder + 60 g of poultry litter 
(MPF2) gave the highest response in term of plant 
growth. By producing MPF2 fertiliser for growing 
soybean, we will not only contribute to improving 
the growth and seed yield of this crop but also valo- 
rize the local resources as well as protecting our 
environment. However, the effects of the fertilisers 
used in this study on the physico-chemical proper-
ties of soybean seeds need to be investigated. 

CONCLUSIONS

The soil of the locality of Bini-Dang (Cameroon) 
is not favorable for growing soybean because it is an 
acid soil and poor in some nutrients such as N and P. 
The growth and seed yield of soybean varied signi-
ficantly depending on the fertiliser and the year of 
experimentation. The combined application of 10 g 
of mycorrhizae + 10 g of vivianite powder + 60 g 
of poultry litter (MPF2) resulted in the highest plant 
growth response. MPF2 treatment increased the 
seed yield of soybean about 20.08% and 184.76% 
as compared to the data obtained from the treat-
ment using the NPK chemical fertiliser and from the 
unfertilised plot, respectively. Thus, MPF2 fertiliser 
can be employed to replace the mineral fertilisers in 
an attempt to boost the production of soybean while 
reducing the production cost. Our future study will 
focus on the effects of MPF2 natural fertiliser on the 
physico-chemical properties of the soybean seeds.
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